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TITLE

METALLOG®*PHIC METHCDS

Polishing Procedure for Metalloeranhic
Exnmination of Cemented Carbides

O3JECT

To establish a satisfactory orocedure for polishing
cenented carbide sorcimens for metallographic examination,

SUMMARY

Search of the literature and consultation with representatives
of manufacturers of cemented tungsten earbide tool tios revealed a
wide variety of polishing orocedurrs for the orermration of metal-
loeraohic sorcimens of crmented errbides, After car~ful study of
the variations in thesr polishing trchniours, A mrthod was evolved
which, it ie brlieved, embracre the brst vnrtions of thesr orocedures,
This m~thod {s cambdle of producing A oolished surfecr on cementerd
crrbides that is frre of scrotchrs At 2 magnification of X1500.
Porogitv is reve=led by vhotograohing the unetcherd surfoce at Y250
or X100N0 ~nd thr microstructurr by etching in nlkaline votassium
ferricvnnide and ohotnerrohine =t » menificortion of Y1500,

COMCLISIONS

1. The technioue firellv adeotrd utilizes the followine
srouvrnce of overntions:

n, Grindine b me~ns of n silicon corbide whrrl with
the soccimen flooded with 2 coplious suovolv of » water
solution of snludble oil,

2
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Manually drv polishing on two grades of boron
carbide polishing pavers with added bdoron carbide
grit,

Finish oolishing wet on dirmond impregnated,
horizontallv rotating, cloth covered wheels.
Three types of cloths are used in sequence:
silk, wool broadcloth, and fimllv Selwt or
Gamal cloth,

technique adopted vermits:

Producing of scratch free surfaces

Retaining of inclusions
Minimizinz of relief nolishing
Pevenline norositv,

Pevrnlineg constituent eraing when samoleg are
etched with alkaline ontngsium ferricvanide

Identifvine constituent ernins in some instances.
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IVTROTCTION

This Laboratorv is freourntlv called uvon to revort on
the microstructurr of cemrnted cerrbide tnol tivs and UVAP
tunegstrn carbide cores, Dur to the extremr hardness of
cemented tunesten carbide sneeimens, difficulting have been
eyorrienerd, rven after lone nremaration times, in oroducing
rood surfocrs for mrtelloer2ohic eynminntion,

The ourposr of this invrstigrtion was to devrlop n procerdure
for vroducing » 200d qunlitv polish (frre from scratches, oits,
rte.), economic~lly and in » rensonnble leneth of oreoor~tion
time usinz st~nd~rd volishine rquipmrnt found in 11 metel-
lozrrohic 1nbor~torirs., '

A review of the liter-ture indicrtes th~t cemented cordides
rrr polishrd on v-rious tvors of mct~1 or wooden 1~vs with boron
c"rbide "¢ /ar di~mond vowder of diffrrent dezrers of fineness,
For ex~mple, Schroter™ emploved c-rborundum powder followrd bdv
di{-mond vowdrr on sterl 1lrps "nd with » fincr ar~de of dirmond
vovdrr suvoortrd on ~ frlt o~d far the fin~1 nolishing, After
initi~1llv erinding with » silicon c~r¥id wherl, Hbvt2 uscd baron
carbide on comner 17os ~nd fine di~mond oowderg on woof~n lans
for fin~l nolishins, Thr uss of fr1lt disks imorﬁsn“tndhwith
di“mogd nowders is mentioncd b n-ro<izinski3. »ncKrnzie™ ~nd
Enzle rﬂcommﬂgd the use of boron c~rbide followerd bv dirmond
oowder, Shute® emolovs hord woodrn lovs sn~ked with olive or
nut oil imore=n~ted with sr er~l grrdes of di~mnnd nowder for
fin~1 volishin=, Norton "' at this Arsernrl initi~llv oreo red
gemoles with » fi"mond wheel followr? bv volishins on cloth covered

disks using verious er~drs of Alamond vowder,

There lnareoe Ameriesn menufscturers, Thr farbalov Zemnonv, Inc.,
Fangterl !'rtollur~icrl Cornor~tinn, #nd ¥Yennometal, Ine,, vorv
widrlv in their mrthods of nreoorine metrlloer~nhic
samples. Theyvmpirdon Ainmond wherlg “nd volish on 1ans made of
bronze, learA_tin allnavs, nr vonersd usev-rious srodeg of Adiemond
nowders, Det~ils of their merthods ~r~ given in the Avoendir,

To srlect ~ srournce of oorretinnsg thrt wauld nrovide o
s"tisfrctorv finigh with » mirfmum nf offrct nnd eryprnse, the
vorinus su-vrgtinng mrdr in the 1liter~turr,rnd br the "hove
mnufecturers, were tried nut, usinz cizht srrdrg of cemented crrbide
tonl tips for svecimens, The oracedure thot ws ecventurllv evolved
ig ziven below in detn4l, but the eryprrimentol At~ tht 1e7 to
the sclectinn of the porticul~r sequence ~f roep~tinns th~t wes
finallv srlectrd nre amjtted,




POLI SHING PROCTDURE

Samoles of eight tvoical commercial grades of cemented
carbides were obtained which contained various amounts of
tunzsten, titanium, columbium, tantalum, carbon codbalt, and
iron. The chemicel analvees, nominal composition bv weight
and the areas of volished surfaces are ziven in Table I,

The standard cutting, erindineg =nd metallogravhic volish-
ing machines were readilv adanted for the nreneration of the
samples,

1, Initisal Cutting., * dinmond cut-off wheel wasg
ugrd for cuttine the sorcimrns to sultadble size, usine plenty
of water soluble oil solution,

2. Mountine, All sorcimens were mounted in unhardened
medium carbon steel clamos,

3., Surface Crindine,

a, The specimens were ground with a freshly dressed
10" diameter "green" silicon carbide wheel
(Yorton Grinding Wheel 439C80 - 17V), using
vlentr of water goluble 0il solution and a
spindle sored of 3U50 rpm,

b, The sprcimens were then reground with a 10"
diameter 100 grit diamond grinding wherl (Norton
Tyvoe %D-100-7-100-B 1/16 shaove DIT), using vlenty
of water snludle 01l solution and 2 soindle
speed of 3U50 rom, (It should be vointed out that
fine uniform cuts are rgsential in the erindine
overations,)

L, Drv Polishing

a, The snrcimens were polished bv hand on 4320
silicor c~rbidr or bdoron carbide volishine
vaorFr olacrd onp n glrss nlate, A4 emrll omount
of 600 erit boron c~rhide nowder (“orton
Comornv's "Worbide") was sorinkled on the
volishing prorr,
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b, The svecimens were then repolished bv hand on
4L0n silicon carbide ar boron enrbide volish-
ing vaver olnced on A glass nlate, A smll
amount of 800 zrit boran carbide nowder (™orton
Comoanv's "Morbide") was sorinkled on the nolish-
ing vanetr,

In these overations it is essential that the oolishing vaver be
kent clean and the abrasive grit sharn,

5. Yet Polishing, Diamond dust held bv a slightlv
moistened cloth is verv satisfactorv for the final nolishing stevs,

Diamond vowders supnlied bv Arthur &, Craft Comwenv, Soston,
lnsg., were used 2nd Are reoortecd to have the following verticle
sizesg:

4120 dirmond dust -~ 150-170 mesh
=5  dismond dust - 13-37 microns
#7 di~mond dust - 2 and finer microns

Tinr pinchrs of the Adismond dust have been found sufficiernt for
volishinz. The follawing method for ndding this tinv oinch h~s
been found uscful !~ ghrke thr corird tudbr contnining thr drv di~mond
vowdrr 2eningt the stooorr ~nd return the tube to the upright position,
Removr thr cork stoovprr to which fine verticles of the di~mond oowdrr
hovr ndherrd, then br tovoine the stoooer over the center of the disk
2 vervy smnll cusntitv {s tronsferred to the volishing cloth, TFurther
~dditions of the di~mand ~brogive mv be rdded in this m~nnrr to the
nolisghine cloth ~s nrrderd,

. The g~moles wres first volished on »~ 4ilk or revon
covrred € or 10" di"mertrr oolishine disk, molatened
br 2 few Arong of wtrr, A tinv ninch of Cr~ft's
=120 di~mond vowAdrr wrg sorinkled on thr c¢onter of
thr covered nnlighing disk, The somole wrg nolisghed
nror the ¢center of the disk which ws rototing »t
nbout 50-100 rom,

b. The amnles wre then volishrd nn » silk or rrvon
coverrd & or 10" di~mectrr nolishineg disk, moistenrd
br o frw drong of wtrr, * tinv oinch nf Trnft's 45
dirmond nowdrr wrg snrinkled on the center of the
covrrcd oolishineg diek. The s~molr w~s oolished ne~r
the center of the disk which ws rototing at about
50-100 ropm,




¢, The s moles were finallv volished an a vol!sh-
ine disk covered with the finest grade of broadcloth,
Seuhler "Selvvt" 1565 &R, or Figher "famal" cloth
#12-2%2, mnistened with n few drons of water, A
tinv ninch of Craft's 47 disamond powder was sorinkled
on the center of the covered vwolishine disk. The
samnle was nolished near the center of the disk which
wag rotating at about 50-10N rom, The samnleg were
waghed and drird in =2n air blast,

It is recommended that the samples he ev¥amined under the
microscooe at 8 magnificortinn of 250 for derp scratches duringe
the wt volishing stnze using 45 di~mond pvowder and after volish-
ing with #7 diamond vowderr, the samole should be scratch-free at
a magnification of “1000.

Rrlief volishing mv rrsult from using a polishing cloth that
is too drv. If the vhas-s annear in rrlief, it is rrcommended that
the sample be surfacr eround oncr more and rrnolished. The gtructural
composition of certnin samolrs will crusr some ovhases to show in
relief even with the brst polishing technicur,

If the volishine cloth is tno wet it will cause vittinz; also,
thr diamond abrasive will b wnshrd off =2nd lost,

Photomicrozraohs were taken nt 2 mrenificrtinn of V250* to
show the aveprme amount Af cnorse norositv nresent in cach samnle,
Ties. 1, 4, 7, 10, 13, 16, 10, 22, »nd nt = megnific tion of ~1000*
to revenl the mnvernge emount of fine vorositv, ms well 7s non-
mrt~1li¢ inclusions, Fies. 2, %, &, 11, 1k, 17, 20, 23,

Ttchinz of thr ovolishrd surfrces presented no difficultv, All
srmoleg were ftceched in hot ~1knline notrssium ferrierornide etchont
cont~inin~ 10 2roms of wotrssium hvdroxidr, 10 eromg of vot=ssium
ferricronide »nd 100 cc vwter, This solution is herted to simmerine,
NOT to vianrous boilinz, “hotomicrosrrohs were teken of the nhoses
n;ﬂSFnt ~t » manific~tion of VI50N*, Fi~s, 3, 6, 9, 12, 15, 18, 21,
ey,

DISCUSSION

The volishinz mrthod describ-d in this renort embracrs nortinns
of mrthods found in the litep~ture 2nd in use dv imrric-n
mnufecturrrs, with somr modifictions, It ¢~n re~dilv br ~polird
to strnd~rd polishinz ~rouinnent found in mrtollursic~) lehoratorirs,

*Bausch & Lamb Rjesr~rch Micrnscooe

X250 Cbjrctive Y21 (,UO F.4,) Zvepicer  ¥7,5 (Worrolanc)
Y1000 Objective 58 (.85 ™.,A.) Tvepicer M0 (Avperolenr)
X1500 Objrctive YBO (1,10 ¥, A,) Tvepiree N0 (Memtive)
A1l vhotomicrosroovhe wrrr tnken with this equioment,




It vs found th~t this procedure oroduces » polished surf-ce
which is free from scrrtches "nd vittine ~s seen under high
mrgnificrtion, The s~moles c"n be polished in » re~gnn~ble
orep"r~tion time "nd ~re suit~ble for estim~ting co~gse ~nd fine
porositv »nd nonmet~1llic inclusions, ~s shown in Fiegs, 1, 2, U, 5,
7, &, 10, 11, 13, 14, 16, 17, 19, 20, 22 ~nd 23.

It is believed th~t the volishing method described herein is
suorrior to volishing on vorious met~1l, wooden, or other tvoes of
l~os imnregn~ted with di~mond vowder, since it ws obgerved thot
the 1~tter methods frecuently result {n vittine nsnd fine ser-tches
which ~re reveolrd ~t menific~tions of Y250 ~nd Y1500,

"he use of cloth covercd Aisks, on which is snrin%led »
Juiicious ~mnunt nf di~mnnd powdrr, brrarnts no difficultv, OCn
thr other hond, {t is helicves tho emnlavment of metrl ~nd other
gnrcinl tvoes of 1"ps mv involve somr vroblems, n~melv, vrocure-
mnt ~nd thr ¢~rc ~nd or-csrrv-tinon of the lrovine surf-ces,

The vhotomicrozr-ohs of thr unrtched s~moles, vollished b» the
mrthod drseribed herein, reveel in -~ frw crgrg slight relieff nolish-
ing, Thie mv be due tn the comoositinn of the vh~ses oresent in
the s~mnlrs, ~s this rrlief nolishing mrrsisted ~fter reerinding
snd repolishing, It ~one~rs in Tizs. 5, &, 11, 14, .17, 20 ~nd 23.

The resulting pvolished surfocrs of the s~molrs investie~ted
were gntisfoctorvy for cle~rlv reve~ling the sh-pe nnd size of the
c~rbide gr~ins ~nd thr scver-1l oh~sers nregrnt ~fter etchineg in
hot ~1k~line not-ssium frrricvonidr, In the vhotomicrngr-ohs,

Fizs. 3, 6, 9, 12, 15, 18, 21 ~nd.2l, ~ tvpic~l tunegsten c-rbide
zroin is indie~ted by nrrow "1" ~nd » golid solution phose bv

arrow "2", Thr cob2lt binder nsnneore ns n fine white nre~ surround-
inz the tunssten c~rbide ~nd solid solution errins,

It h~s been stoted in the liter~ture tht difficultv h°s bren
exprricnced in the identific~tion of the oh~scs in this twvoe of
mrterirl sinee it h~s bren shown thrt durire the sintering over-~tion
a1l the ToC, CbC, ~nd TiC form ~ sin=zles oh~8&r ~nd nlso this phase
will toke 1n solid solutinr » consider~hle =mount of w9, This
hrs bern confirmrd in the ohotomicroegr~phs described in this revort
since the s~mnlrs ~ynminerd cont~inins vnrious ~mounts of T~, ©b,

“nd Ti show onlv "n ~nzul~r tunasten c-rdide oh~sr, » rounded solid
solution c~rbide nh~sr ~nd thr cob~1lt binder,

Studirs ~rr in nrozrrss on ths met~llozr~vphic studirs for 6is¢10
tinmulshirez the vorious e~rhide vh~srs orrsent in crmented eorbdides




Regentlv, - metrllozr~ohic mrthod h-g bern ‘develonrd for
the investiz-tion af cemented c-rhides, w~rticul-rily of the
svstrm tunssten corbide~tit~nium errbide~cobrlt « A srleetive
~tchinz recarnt 1s nonlicd which nermits the Aistinction af different
¢c~rdide nhrsrs which micht be orrsent in this o rticul~r svstem,
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APPRNDIX

The following orocedures were revortec to Dr, L, S, Foster,
Wntertown Arsennl Laboratorv while visiting Corbolor Comeeny, Inc.,

Detrott,

Michigan, ¥ennametal, Inc., Latrnbe, Pa,, and Fansteel

Metalluresical Corn,, Chicaen, Ill,, in Seotember, lalg,

Pnlishing of Carbides - Carbhnlor Companvy, Ine.

.,
2.

Grind on 100 grit dirmond wheel

Lan on 2 bronze metnl wreel with #5 dirmond Aust with a

lieht 0il ecnrmooaged nf a mixture nf mineral onil or snindle
0il, carbnn tetrachloride, ‘“xinmum particle size ~f diomond
vowder - 10 microns,

Clean with sonp and water

Polish nn 2 oaver lan clued tn 2 metal disk with %7 Aiamond
dust using seme licht nil,

Paper 1lap - single welzht ohotoeravhic maper mounted emulsion
side down. 3Bond pavrr c'n be used,

Mayimum oarticle size of dismond powder - 3 microns,

The finnl polish is accomolishrd on a similar vaver lap using
a still finer diamond powder.

Polishine nf Carbides - Kennametel, Ine,

1.

e
3.

u.
e

Grind nn 220 grit resinnid bonded diermond cup whrel

Clean with snap and water

®olish nn a lead=tin allov lap using U, S. ™tional Bureau
of Standards =1l dtamend dust (€-20 micrens)

Lao is a standard “berbach for thelr polishing tables.
Soerd nf lan - 475 rpm,

Cleran with soap and water

Polisk on annther lead-tin allov lao usine U, S. Matiomal
Burcou of Standards #1 dinrmond dust (0-2 microns)

Sp-ed of 1lap - 210 rpm,

Polishing of Carbidrs - Fanstrel Mrtallureical Cornoration

Lao the snecimrns flnt nn 2 100 mesh Ai=2mond imnregnnted wheel
‘ount the snecimerns in lucite, To Insure flatnesa in
nolishinz enach Hlock shnuld carrv throes nr morec ovleces

Roush nolich an » crgt iron len with 300 mesh boron cardide

Pnlish nn 2 hardwood lovo with fin® Adiamnnd Aust and laoning oil
Tinish oolish nn 2 greand wnod lav with th> finest dismand dust
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SAMPLE MO, 1.

Fig. 1.
Unetchec. X250.

Uniform distribution of
medium coerse and fice joroeity.

Mg. 2.

Unetched. X1000.

Fine porosity and some

fire nonmetallic inclusioms.

mo 3.
Etched. X1500.

Small and medium size angular

tungsten carbides (1), small amount

of cobalt birder (white aress).
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SAUPLE NO. <,

« Fig. 4.
Unetched. X<50.

: Uniform distribution of
medium coarse and {ine porosity.

4
L

Tig. 5.
Unetched. X1000.
Few fine nonmetallic inclusions.

Fine porosity and some
phases in relief.

rig. 6.
Etched. X1500,
Uniform angular tungsten cerbice (1),
solid solution phase (2), small amount

of cobalt binder (white areas).
Notos Local attack tv etching reagent.

Etchant-Hot alkaline potassium ferricyanide.

WIN.t 3 =G0
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SANZLE NO, 3.

Hg. 7.
Unetched, X250,

Trace of fire porosity.
Several phases shown in relief,

rig. 8.
Unetched . X1000,

Trece of fine porosity.
Severel phases shown in relief.
Pew fine nonmetallic inclusions.

Mg. 9.
Etcbed. X1500,
Tairly angular tungsten carbide (1),
solid on phase (2), small amount

of oobeltd binder (white areas).
Etchant-Hot alkaline potassium ferricyanide.

wTN,630-9713
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SAMPLE NO. 4

Fig. 10.
Unetched. X250,

Trace of fine porousity.
Several phases shown in relief.

Fig. 11.
Unetched. X1000.

Trace of fine porosity.
Several phases shown in relief.
Few fine nonmetallic inclusions.

Fig. 12.
Etched. X1500.

Trace of porosity. Small angular
tungsten carbide (1), solid solution
phase (2), appearance of a eutectic (3),
cobalt binder (white).

Etchant-Hot alkaline potassium ferricyani.e.

wIN, O30T d
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SAMPLE NO, 5.

Fig. 13.
Unetehed. X250.
Fine porosity.

Fig. 14.
Unetched. X1000,
Few fine nonmetallic inclusioms,

Pine porosity and some
phases shom in relief,

Fig. 15.
Etohed. X1500.

Trace of porosity. Small and medium

sise angular tungsten carbide (1),
solid solution pbase (2), and small

amount of cobalt binder (white).
Etohant-Hot alkaline potacsium ferricyanice,

WIN 639715




SAMPLE NO, 6,
N Y. b2 |
p . 3 : . ) - 4 . m. 16. ’
g L 3 & S TN
R Unetched. X250, ‘
* - ‘.' gt S Fine porosity anc some phases .
o ek shomn in relief.
."1’ @ "" |
Y ) . ’ e et 1
v "\o ) " !
« . ". \.. {
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1 . rig. 17.
| .
Unetched, X1000,
§ » Few fine nonmetallic inclusioms,
: % Some phases shown in relief.
o
"8

rig. 18,
Btched. X1500.

Fairly large tungsten carbide (1),
Solid solutiom phase (2),
cobalt binder (white).

Btchant-Hot alkaline potassium ferricyanice,
WIN,039-5716 I




SAMPLE NO, 7.

g Fig. 19.
RS T Unetched. X250,

b Trace of fine porosity.
. Some phases shown in relief.

. = m. 20,
B Unetohed. X1000.

Trace of fine porosity.
o Some phases shown in relief,
. Pew fine nonmetallic inclusioms,

Fg. 2.
Etehed. X1500,

Some porosity evident, small
angular tungeten carbide (1),
solia solution phase (2),
cobalt binder (white).

Etchant-Hot alkaline potassium ferricyanide,
WIN,630-9717




SAKPLE NO, 8,

r . = -1 ( o
{ ¢ T %
" o . ol o e -
A A Fig. 22. i
SRR P Unetched., X250,
IR S Y Trace of fine porosity.
TR LA Some phases shown in relief.
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b E o .
' - . ' Unetched. X1000,
{
) Trace of fine porosity.
- . Some phases shown in relief.

‘e i Few fine nonmetallic inclusioms,

Mg. 24. |
Etohed. X1500.

Some porosity evident, small
angular tungsten carbide (1),°
solid solution phase (2),
cobalt binder (white).

Btchant-Hot alkaline potassium ferricyanide.

WIN,63D=0 18




